INTRODUCTION {#s1}
============

Massage is frequently used as warm-up and recovery techniques in sports competitions for athletes. It can provide several physiological and neuromuscular benefits to the body such as an increase in blood flow, a reduction in muscle tension and neurological excitability, a decrease in muscle soreness, an increase in flexibility, and an increase in a sense of well-being[@r1]^)^. Gentle mechanical pressure provided by massage can change neural excitability as characterized by a reduced amplitude of H-reflex[@r2]^)^. It was also found to increase parasympathetic activity[@r3]^)^, reduce stress hormonal levels[@r4]^)^, increase muscle compliance and range of joint motion[@r5]^)^, decrease passive stiffness[@r6]^)^ and active stiffness[@r5]^)^, increase the arteriolar pressure and muscle temperature by rubbing, which helps to increase blood flow[@r7]^)^, and decrease anxiety and improve in mood state after massage-facilitated relaxation[@r8]^)^. These benefits of the massage were suggested to help athletes to enhance physical performance and reduce the risk of injury during competition[@r1]^)^. Thai massage is well recognized and used to enhance physical fitness for soccer players in Thailand. However, there is little scientific evidence to support the suggestion that massage could enhance physical fitness in any sports. Since soccer is one of the contact sports that requires players to have a variety of physical fitness levels during competitions, we decided to investigate the acute effects of Thai massage on physical fitness in soccer players.

SUBJECTS AND METHODS {#s2}
====================

A 10-day crossover design was used in the present study. The Ethics Committee of Khon Kaen University approved the research protocol with the criteria based on the Declaration of Helsinki and good clinical practices (ICH GCP) (No. HE562078). Written informed consent was obtained from all subjects at the beginning of the study. The study was conducted in the 34 soccer players from Nakhon Phanom Province, Thailand. The players were randomly allocated to either the Thai massage (TM) group or the control (resting) group using a simple randomized allocation. This was followed by a 3-week washout period, after which each subject was crossover assigned to the other group. A summary of the study design, subject recruitment, and participation is shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Diagram of study design and participants.

Thirty-four soccer players (age, 26.02 ± 3.89 years; body mass, 66.74 ± 7.09 kg, height, 174.03 ± 4.33 cm; BMI, 22.00 ± 1.79 kg/m^2^) from Division 2 of the Football Association of Thailand under the Patronage of His majesty the King were recruited to participate in the study. All participants provided written informed consent prior to the study. Any of the subjects who had the following precautions for Thai massage were excluded: fever with a body temperature over 38.5 °C, uncontrolled hypertension, hypersensitivity to pain, fracture, and joint dislocation.

Whole body Thai massage was applied to each of the subjects in the massage group for 30 minutes at 25 °C. Three sessions of massage, which mainly covered 4 body parts, the shoulder (5 minutes), back (5 minutes), arms (10 minutes), and legs (10 minutes), were applied (once every 3 days) within a period of 10 days. The massage was given by two certified traditional Thai massage therapists who had two or more years of experience and were tested for quality of Thai massage skills prior to the study.

The subjects in the control group were instructed to rest for the same period of time in the same laboratory room as those for the treatment group. They had three 30-minute rest sessions (once every 3 days) over a period of 10 days.

Seven physical fitness tests, including the sit and reach (flexibility), handgrip (strength), 40 yards technical (agility), 50-meter sprint (speed), sit-ups, push-ups (muscles endurance), and VO~2,\ max~ tests were performed before and after the 3 sessions of Thai massage.

The sit and reach test[@r9]^)^ was chosen to determine the flexibility of the hamstring and back muscles. The subjects sat on the floor with the knees fully extended and reached forward as much as possible on a sit and reach box. Each of them performed the test twice, and the best one was recorded. The handgrip test[@r10], [@r11]^)^ was used to measure hand and forearm muscular strength by using a digital dynamometer. Subjects performed the test twice (alternately with both hands) with a 1-minute rest period between measures. The best score of the two trials for each hand was chosen. The sit-ups test was performed to measure the strength and endurance of the abdominals and hip flexor muscles. The subjects were instructed to perform as many bent knee sit-ups as possible within 60 seconds. The push-ups test was chosen to measure the strength and endurance of the upper body muscles. This test was performed with the subjects in the prone position, with the forefoot or toes on the floor, hips and knees straight, and the elbows fully extended while placing the body weight on both hands. The subjects bent their elbows until their chest was just about to touch the floor and then fully extended them again. They performed as many push-ups as possible within 1 minute. The 40 yards technical test was chosen for determination of the agility of the subjects. The 50-meters sprint test involved running a single maximum sprint over 50 meters, with the time recorded. It reflected the speed of the subjects. VO~2,\ max~ was measured by using a cycle ergometer according to the Astrand-Rhyming protocol test[@r12]^)^. After being informed about the procedures and precautions of the test, the subjects were fitted with a Polar heart rate monitor and performed 5 minutes of stretching exercises for their knee flexor, knee extensor, and ankle dorsiflexor muscles. The test began by having the subjects sit on a cycle ergometer with an appropriate (at the hip level in straight standing) seat height. They performed cycling exercise for one minute without load following the tick of a metronome set at a speed of 50 rpm (or 18 km/h). After that, the load was adjusted from 1--1.5 kp to achieve a heart rate response of around 120 bpm. The load could be gradually increased in increments of 0.5 kp every minute if the heart rate did not reach 120 bpm until 6 minutes of exercise.

One of the coauthors (Uraiwan Chatchawan) with expertise in epidemiology and biostatistics analyzed the data and was completely blinded to the patients' group assignments. All analyses were performed on the basis of the intention-to-treat principle. All outcome measures are presented as means ± standard deviations (SD). The independent samples t-test was used for comparisons between the groups, and the dependent samples t-test was used for comparisons between before and after the intervention. Interaction effects were assessed by the ordinary least squares (OLS) method[@r13]^)^. We used a cross analysis (Student's t-test) to compare the mean change in score (post--pre) because the primary outcomes (VO~2,\ max~) was normally distributed (Shapiro-Wilk W test; p\>0.05)[@r14], [@r15]^)^. In case of significant period × treatment interaction, the second-period data were not used for the analysis[@r16]^)^.

RESULTS {#s3}
=======

All of the physical fitness tests showed significant improvements after a single session of Thai massage ([Table 1](#tbl_001){ref-type="table"}Table 1.Physical fitness parameters (mean ± SD) of the Thai massage (TM) and control groupsParametersSequence I (A-B)Sequence II (B-A)TMControlControlTMPre/PostPrePostPrePostPrePostPrePostVO~2,\ max~ (ml/kg/min)42.14 ± 5.3245.30 ± 6.72^\*^42.64 ± 5.2542.21 ± 5.5742.54 ± 7.5141.75 ± 8.1542.13± 7.6843.77±8.74^\*^Push-ups^\#^(number/min)37.94 ± 8.7740.05 ± 8.50^\*^37.29 ± 8.8737.47 ± 9.0233.88 ± 9.6333.88 ±10.1134.29 ± 9.7135.70±10.89^\*^Sit-ups^\#^(number /30 sec)26.70 ± 4.3828.58 ± 4.35^\*^26.23 ± 4.6726.76 ± 4.3527.58 ± 3.1428.23 ±3.25^\*^28.17 ± 3.3529.23 ± 3.73^\*^50-meter speed^\#^(sec)6.98 ± 0.356.74 ± 0.45^\*^7.13 ± 0.367.14 ± 0.347.47 ± 0.527.53 ±0.827.17 ± 0.437.14 ± 0.37^\*^Grip strength (kg/BW)0.70 ± 0.090.75 ± 0.09^\*^0.69 ± 0.080.68 ± 0.090.71 ± 0.100.72 ±0.090.71 ± 0.090.74 ± 0.10^\*^40 yards technical test (sec)10.86 ± 0.8410.22 ± 0.83^\*^10.92 ± 0.7510.86 ± 0.6511.09 ± 0.6711.05 ±0.6711.05 ± 0.8110.68 ± 0.61^\*^Sit and reach^\#^(cm)21.45 ± 5.5023.06 ± 5.20^\*^20.90 ± 5.4120.57 ± 6.0218.83 ± 5.1119.47 ±4.74^\*^19.28 ± 5.0420.80 ± 5.04^\*\#^ Carryover effect on significance (p \< 0.05). \* Significant improved when compared with the pre-test value (p \< 0.05)), whereas only the sit and reach, and sit-ups tests showed improvements in the control group. Analysis of the period effect and carry over effect revealed that the first tests of VO~2,\ max~, handgrip strength, 40 yards technical test did not affect the test in the second sequence ([Table 1](#tbl_001){ref-type="table"}).

However, when the mean changes for all outcome measures were compared between the two groups, we found no significant difference ([Table 2](#tbl_002){ref-type="table"}Table 2.Comparison of the mean change scores (pre--post) of physical fitness tests between the Thai massage (TM) and control groupsParametersTM=AControl=BDifferent (95% CI)VO~2,\ max~ (ml/kg/min) (n = 34)1.19 ± 2.860.61 ± 2.25−0.58 (−0.36 to 1.53)Grip strength (kg./BW) (n = 34)0.03 ± 0.040.004 ± 0.01−0.03 (−0.04 to −0.01)40 yards technical test (sec) (n = 34)−0.34 ± 0.58−0.22 ± 0.500.12 (−0.07 to 0.32)Push-ups (number/min) (n = 17)2.11 ± 2.181.41 ± 1.58−0.70 (−2.03 to 0.62)Sit-ups (number/30 sec) (n = 17)1.88 ± 2.171.06 ± 1.19−0.82 (−2.05 to 0.40)50-meter speed (sec) (n = 17)−0.23 ± 0.360.02 ± 0.310.21 (−0.02 to 0.44)Sit and reach (cm) (n = 17)1.61 ± 1.651.51 ± 1.43−0.1 (−1.17 to 0.98)).

DISCUSSION {#s4}
==========

This study showed that a single session of Thai massage could likely provide improvements in physical fitness and flexibility in soccer players. This could be due to Thai massage reducing muscle tension and increasing blood ﬂow[@r17], [@r18]^)^. In line with our results, a previous study showed that massage associated with myofascial trigger points increased the body flexibility in patients with back pain[@r19]^)^. The potential mechanisms of Thai Massage are probably stimulation of proprioceptors of muscles and enhancement of the reducing in muscle spasm and adhesion in the tissues being massaged[@r19]^)^. Thai massage using deeper pressure followed by passive stretching is applied along the massage area, which covers all muscles having myofascial trigger points (MTrPs). Thai massage has effects that breakdown any MTrPs adhesions. Since Thai Massage has been found to cause an increase in muscle blood supply, it may allow the muscles to get more oxygen from the blood and provide sufficient nutrients to the muscles. It causes the muscle to have more endurance as well as strength[@r20]^)^. The effects of Thai massage on increasing agility and sprint speed in soccer players may be explained by the stimulation of heart rate variability resulting from the massage[@r21]^)^. Effleurage massage also increases agility[@r22]^)^ and shuttle run times in female basketball players[@r23]^)^. In addition, Thai massage may provide some psychological benefits that promote recovery. Massage is known to enhance the positive mood states and psychological well-being[@r24], [@r25]^)^. In the current study, the players who received a massage could sleep well and recover from fatigue quickly. On the day after a massage, most of the players felt very fresh and did well on agility and sprint tests. Thus, Thai massage could be used as a recovery technique for athletes.

The limitation of having large standard deviations as compared with the corresponding means resulted in there being no significant differences in comparisons between the two groups ([Table 2](#tbl_002){ref-type="table"}). Therefore, further study, a longer period of investigation such as 20 days is suggested to confirm these short-term effects in soccer players. Thai massage may have a modest effect that help to improve the parameters of physical fitness examined in this study, in the same way as other types of massage used to aid physical performance prior to exercise. This can be seen in [Table 2](#tbl_002){ref-type="table"}, which shows that the means for all the parameters of the Thai massage group were a little higher than those of the control group.

Based on the results of our study, we conclude that Thai Massage may provide some beneficial effects on physical fitness in soccer players, especially for VO~2max~, and may facilitate muscle strength, agility, and speed. Further research is needed to verify these effects in a different population in sports.
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